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(а) When the initial radiation is monochromatic, or has a strong mono chromatic component, the spots appear in positions where rays scattered from neighbouring elements of the fundamental lattice reinforce each other.
(б) A crystal irradiated with white radiation containing a monochro matic component gives a t the same time sharp Laue spots and diffuse spots. If a rotation photograph is taken with monochromatic radiation, the usual sharp spots appear, together with the diffuse diffraction.
(c) As the crystal is heated, the diffuse spots increase in strength and the sharp spots become fainter.
The positions of the diffuse spots can be explained by supposing th at the crystal is broken up into a number of small approximately parallel elements. When monochromatic rays fall on an extended perfect crystal, the three conditions for diffraction must be rigorously obeyed if a diffracted beam is to be observed, and the beam is sharply defined, For a very small crystal, only a few atoms wide in each direction, diffraction is strong in any direc tion for which the three conditions are approximately obeyed, and the diffracted beam is diffuse. Since the form of the diffuse pattern resembles th at which would be observed if the crystal consisted of numerous small parallel elements which diffract independently, Preston and W. H. Bragg have used this analogy as a basis for analysing it.
This cannot, however, be the complete explanation. If the crystal were so broken'up by the heat waves, the Laue spots and spots of the rotation photograph would also be diffuse. This is not the case; they are as sharp at high temperatures as a t low, though diminished in intensity. I t might be postulated that part of the crystal remains unchanged and gives the sharp spots, while another part breaks down to give the diffuse spots. Such a supposition is not as attractive an explanation of the simultaneous production of sharp and diffuse spots by the one crystal structure. The essential feature of the first way of explaining the spots is the supposition [ 61 1 th a t the elements into which the crystal is broken down scatter in dependently; the essential feature of the alternative explanation is th a t it takes into account the phase relationships between waves scattered by the atoms throughout the crystal, which remains a single structure though distorted by the heat waves.
I t is convenient to deal with the reciprocal lattice and express the experimental results in terms of it (see £ conclusion ' in Laval's paper). One example shown by Preston is th a t of silver Ka (0-56 A) radiation incident upon a heated aluminium crystal in a direction parallel to a cube axis. Aluminium has a face-centred cubic lattice with a = 4*09 A at 500° C. The reciprocal lattice is body-centred cubic, the side of the cube being 2/a, as illustrated in figure 1. The points of the lattice (200), (400), (111) (311), etc. have hkl all odd or all even. These points represent Fourier elements of the distribution of electron density in the aluminium crystal, and are weighted so as to be proportional to the amplitudes of these elements. At the same time they represent the possible X-ray reflexions by the crystal. The construction for testing whether the conditions of diffraction are satisfied is to draw the familiar 'sphere of reflexion' shown in the figure, which has a radius of 1/A. If this sphere passes through a point of the lattice, there is a corresponding diffracted beam. The diffuse spots a t high temperatures appear when the sphere of reflexion passes near points of the reciprocal lattice; this is merely an alternative way of saying th a t they appear where the three conditions for diffraction are approximately but not necessarily rigorously obeyed. At the same time, if the crystal is rotated, a sharp spot appears when the sphere cuts a point of the reciprocal lattice. As Laval has shown, the whole phenomenon can be expressed by saying th a t the reciprocal lattice of the hot crystal con sists of points, surrounded by clouds which are strongest near the points and weak between them. For instance, aluminium as shown by Preston gives diffuse spots corresponding to the section of these clouds by the sphere near (200) and (311). Laval has made a close study of the forms of the clouds around the points (002), (004) and (006) in the reciprocal lattice of sylvine.
The perfect crystal a t zero temperature has a reciprocal lattice con sisting of points alone. If the crystal is slightly distorted a t a given instant by a heat wave whose wave-number is n, any Fourier component of wavenumber N is split up into a main component of wave-number N and a pair of 'ghosts' of wave-numbers N + -N and vectorially.'The whole series of heat waves combines with each point of the reciprocal lattice and surrounds it with a cloud of ghost points, each of which represents a Fourier coefficient of the crystal structure. All such points lying on the sphere of reflexion give rise to corresponding diffracted beams.
Since all possible heat vibrations of a simple lattice reciprocate into points which fill uniformly one unit cell of the reciprocal lattice, the com binations of these vibrations with the Fourier elements of the crystal uniformly fill the whole reciprocal lattice. Monochromatic radiation is therefore scattered in all directions by the hot crystal. Three points are to be noted:
(а) I f there is equipartition of energy amongst the heat vibrations and the elasticity is constant for all wave-numbers, and if the amplitude of the vibrations is very small, the ghost points are to be weighted equally. This follows from the consideration th a t the amplitude of the diffracted ghost is proportional to the amplitude of density variation caused by the heat wave, and this again is proportional to the energy of the lattice. Under such conditions the scattering would be uniform and no diffuse spots would appear.
(б) The amplitude is proportional to the scattering factor of the unit of the cell at each point. I f therefore the unit of pattern is a rigid complex, such as an organic molecule, its F will be a factor modifying the scattered background and its character will be imprinted upon it.
(c) At high temperatures the average amplitude of vibration of the points of the crystal lattice is an appreciable fraction of the distance between neighbouring points. When this is so, the reflected spectra become weaker especially in the higher orders (Debye effect). The longer heat waves are mainly responsible for the amplitude of vibration. Hence the energy of each spectrum is reduced a t high temperatures by passing into the energy of the ghosts, and, as the longer heat waves produce the greatest effect, it passes mainly into the ghosts which are nearest to each lattice point. Since the cloud is therefore most dense round each lattice point, one gets a stronger diffraction a t high temperatures in directions corresponding to regions where the sphere of reflexion passes near the lattice point. The diffuse spots diffracted by the hot crystal originate in this way.
The above treatment is only a qualitative version of the quantitative treatment by Debye and Waller. I t is given to support the view th a t it is more direct to treat the effect as due to 'the modulation of the whole crystal by the heat waves, than as due to a breaking down of the crystal into elements by the heat waves. The essential point is th a t the former treatment accounts for both sharp and diffuse spots, whereas the latter cannot account for the sharp spots which appear a t all temperatures.
